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What is a cloud and why to study
clouds?
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What is a cloud?

» A collection of liquid or frozen particles floating in the
atmosphere and sustained by vertical motion (updrafts)

» We identify clouds by their ability to reflect sunlight and by
the temperature of their cloud tops, i.e., their brightness in
visible and thermal imagery

Konferencja Poland-AOD, Warszawa, 3.07.2017 3

Jedrzej S. Bojanowski A
CMSAF U ®Bam.



[ ]
thermal ocutgoing ¥, o
o .

solar absorbed latent heat
atmosphere oHo
" reflected s
surface S
85 20 o
aaidual (80, ©0) (15/25) §
0.6 solar absorbed evapo- se i1sible . thermal g
(0.2, 1.0) surface ration heat up surface down surface L
__
> 22% (76 Wm-) of incoming solar > Only 10% (40 Wm-2) of infrared radiation
radiation is reflected by clouds and emitted from Earth’s surface is not
atmosphere — this is 76% of the total trapped by the greenhouse gases
radiation reflected back to space -
» 65-85% of the trapped radiation is
» Clouds double Earth’s albedo from 0.15 intercept by water vapour and cloud
(no clouds) to 0.31 (including clouds) droplets

Cooling effect Warming effect



Cloud Radiative Effect (W m?)

A : N T
Cloud forcing G0 B 0 50 100
Shortwave (global mean =—-47.3 W m) Longwave (global mean = 26.2 W m?)

Cloud Effects On Earth's Radiation ) )
» The most uncertain component of climate

models is cloud feedback

» For all cloud types, it has been estimated
at 0.6 Wm-2 for 1°C of air temperature
increase, but with weighty uncertainty

Reflected by

e — ranging from -0.2 to 2.0 Wm-2 (IPCC,
, 2013)
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Rationale

»1he net radiative feedback due to all cloud types combined is likely
positive. Uncertainty in the sign and magnitude of the cloud feedback is
due primarily to continuing uncertainty in the impact of warming on low
clouds.”

Cloud properties are within a list of essential climate variables (ECVs)
(with a special emphasis on satellite-based retrievals) of the Global
Climate Observing System (GCOS), a part of the United Nations
Framework Convention on Climate Change (UNFCCQC)

The ultimate projects’ objective has been to deliver cloud climate
data records that can contribute to the better understanding of cloud-
climate interactions and cloud feedbacks, and in turn to reduction of
uncertainty in future climate projections.
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Cloud masking
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Courtesy of Rob Roebeling (EUMETSAT)

EUM (59%) OCA (31%) MPF (55%)

FUB (41%)

(58

UKM

%) GSF (56%)

cmb/ima/C00-c
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Meteosat Climate Data Record
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Meteosat data

Geostationary

Fixed position ~36,000 km above equator
Hemisphere scanned every 15 or 30 minutes
Diurnal cycle resolved, no orbital drift issue
Limited spatial coverage

YV V V V

Different spectral resolution:

> First Generation / MVIRI (2/3 channels),
1982-2005:

0.5-0.9 ym
11.5 um

> Second Generation / SEVIRI (3/12 channels),
MET18 IR188 2813-12-11 89:88 & EUMETSAT 2005_20 15

0.6 ym + 0.8 ym - broadband
10.8 um
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Sensor calibration

Reflectance in the dessert (Libya) | | | | | |
P = oo

M3 M5 e M7

Brightness temperature (I__ibya_)d | | | | | | |
1988 2002
* Visible channel stable
= Thermal channel calibrated after 1991
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Meteosat data

Meteosat-10 (MSG-3

Meteosat-9 (MSG-2 IHINII |
Meteosat-8 (MSG-1 L AR |1

( ) [ ]
( )
( )

Meteosat-7 (MFG-7) I

Meteosat-6 (MFG-6) N 2005

Meteosat-5 (MFG-5) RIEEEl [

Meteosat-4 (MFG-4) | [IHIEEEI
(

Meteosat-3 (MFG-3) | |
rFrrrrrrr+ -ttt 1trrtt°r 1t 1°T 1 7T > 17 17 17 1 1 T"]

1991 1994 1997 2000 2003 2006 2009 2012 2015

(Bojanowski et al., 2017)
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Tests

L Cloud masking = background fields

Test name

Test basics

——> Temperature score
—>

Brightness score

Spatio-temporal Temprature
Variance Score

Spatio-temporal Reflactance
Variance Score

Temporal Temperature Variance
Score

:> Day-night separation

Day-night regression

Tl .8 VS Tcloud-free

Pvi VS Pcloud-free

STT — for cioud boundaries and low

level clouds with weak T signature:
low — for temporarly static, but spatially varying
high — for temporarly and spatially varying

STR - same for brightness

TV — for broken clouds:
variability within £1 hour

frignt — SMooth day/night transition
= 1 for 6,<85°

= 0 for 6,>88°

Compensation for less tests during
daytime

Konferencja Poland-AOD, Warszawa, 3.07.2017
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Brghtness Temperature (K)

Modeling (self-constrained
and self-contained) background fields

Clear-sky Brightess Temprerature

Eggishorn {01 Feb 2005)

240

235
|

+H
4t
++
++
+ + +
4+ -H—-Fl'
+-H—+
T+
+ +
o ++l:|:|_+i:|_
+H
+
T T T T T
00:00 05:00 10:00 15:00 20:00

Time (UTC)

Mannstein et al. (1999)
Gottsche and Olesen (2009)

ERA-Interim skin temperature
used as a first guess

Clear-sky Reflectance

Eggishorn (01 Feb 2005)

-
= _| + Al Sky

o Clear Sky (Masked
e Clear Sky (Modeled)

[+1:]
1

Reflectance (-}

04
1

0.0
1

T T T T T
00:00 05:00 10:00 15:00 20:00

Time (UTZ)
The model is built on the Modified Lambert-Beer equations
(Muller et al., 2004) for atmospheric scattering, the back-
scattering properties of land surfaces (Zelenka et al., 1999) and
the terrain-dependent illumination conditions (Tan et al., 2010)

(Stockli et al., 2017)
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STR_SCORE

STR_SCORE

Conditional Probability 1 Octa (BAYES2D)

0014
T 0.012
- 0.010

| 0.008

0.006

0.004

- 0.002

B_SCORE

Conditional Probability 5 Octa (BAYES2D)

0.015

- 0.010

- 0.005

a 10 20 30

B_SCORE

STR_SCORE

STR_SCORE

Naive Bayesian classifier

Conditional Probability 3 Octa (BAYES2D)

i 0.025
u 0.020
] - 0015
I 0.010
I 0.005
B ' | | | 1
0 10 20 30
B_SCORE
Conditional Probability 7 Octa (BAYES2D)
. 0.005
N 0.004
| - 0.003
I 0.002
. I 0.001
B | | | 1
0 10 20 30
B_SCORE
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Evaluation strategy

Validation against:

243 SYNOP (1991-2015), L2 - daily/monthly means
CALIOP (2010), L2

Intercomparison (monthly means) with:

MODIS AQUA+TERRA (2004-2015, MOD08/MYDO08_M3)

PATMOS-x (1991-2015, collocations at L2, then aggregated to
monthly)

CLARA-A2 (1991-2015, all sensors)

CLAAS-A2 (2004-2015)

Cloud_cci CC4CL AVHRR_PM (1991-2009)

1143 SYNOP aggregated to monthly at 1°x1° (2005)
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MBE

Validation against SYNOP (1991-2015)

temporal aggregation N mean Meteosat mean SYNOP MBE bcRMSE CEC
daily 2141165 51.74 51.90 -0.17 16.53 0
monthly 71040 51.77 51.91 -0.14 7.04 0-100%

It complies with the optimal requirements for accuracy and
precision for daily and monthly means

\.ﬁ. * .. 0
arget  809%0
(S B Optimal 26%
PRCRKY .
= —
\ o ® .Q\
e SYNOP ~.
T T T T T T T T T T T T T T
0 3 10 15 20 25 30 35 60 45 -30 -15 0 15 30 45 60
bcRMSE
(Bojanowski et al., 2017)
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Validation against SYNOP (1991-2015)

O o K P D> A B P P P
NP R &f‘é” & 2

N o @“@@"ﬁ’&\é@g\v@\ &S T
N MBE bcRMSE s o8 T
gverall 20931127 -0.28 29.48 w o | ol o f ; EEBQH
old 7973837 -0.08  31.45 D3] 2782 he gBEEET
Temperate 9722288  0.04 28.41 x| EQEEEEEE JE N A s
Tropical 2690808  -1.07 26.82 8] g3 8¢ o % g o
Arid 356551 -5.16 30.55 o | ; H
Ocean 187643 -4.61 29.98
day 10282717 -2.74 24.43 o -
night 7800066  3.14 34.47 R R R N
twilight 2848344 -0.76 30.39 Sun zenith angle \(de\g)\ R
DJF 5138479 -2.71 32.97
JJA 5393815 0.87 26.52 - *
MAM 5253601  0.67 28.24 ] . o ey
SON 5145232  -0.02  29.82 .. * L A AL
MFG 10456118 -0.12 30.13 . . ° "-":,',:-. *
MSG 10475009  -0.44 28.81 W S 00 s o spat 5 20 !} “ ..
VZA <30 233020 -6.62  31.75 2 TR L
VZA 30-50 5461724  -0.85 27.20 o AR X R AT
VZA >50 15236383  0.02 30.20 Sy | A
Note: these stats are based on L2 . . .: o« o0 *
matchups, so precision requirements .
(bcRMSpE) defipned for L3 30 not apply 8 4 : . | 1t SYNO'T
20 30 40 50 60 70
Viewing zenith angle (deg)
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Decadal stability

Meteosat-10 (MSG-3)
Meteosat-9 (MSG-2)
Meteosat-8 (MSG-1)
Meteosat-7 (MFG-7)
Meteosat-6 (MFG-6)
Meteosat-5 (MFG-5)
Meteosat-4 (MFG-4)
Meteosat-3 (MFG-3)

Statistic T of SNHT test

1991 1994 1997 2000 2003 2006 2009 2012 2015

SNHT critical value

/.
o "4
(@) -
§ w - X
5 <
[72)
-_g o o
c
S w
s |
o | Trend of bias: —0.94 % per decade (p < 0.05)
! I 1 1 [ | I [ | I 1 1 1 I I I I I I I I 1 1 | I
1991 1993 1995 1997 1999 2001 2003 2005 2007 2009 2011 2013 2015
g = 1(b)
S
o
_o —
2
o O
e ~—
o]
O
0
R
o ©
I 1 1 [ [ I [ I I 1 1 1 I I I I I I I I 1 1 | I
1991 1993 1995 1997 1999 2001 2003 2005 2007 2009 2011 2013 2015

It complies with the optimal requirement of 1%
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MFG vs MSG

N MBE bcRMSE
MFG — MSG (all months) 153384 -0.43 2.26
MFG — MSG (January) 12782 -0.50 2.33
MFG — MSG (June) 12782 0.04 2.63

—-40 -20 0 20 40 60

40
|

60
\gﬂ\/_g
:

| ] ] ] ]
T

Mean

S LS G |

15
10
5
0
( i’
=10
-15

A

MFG - MSG (January 2005)

[ [ [ [ [ [ [
—-60 —-40 -20 0 20 40 60

[ [
40 60

Konferencja Poland-AOD, Warszawa, 3.07.2017
Jedrzej S. Bojanowski

CM SAF

(Bojanowski et al., 2017) 20

’4@ CENTRUM
TELEDETEKCII



Validation against CALIOP (2010)

I— METEOQSATCFC  — CALIOP  --- CALIOP COT=>0.2 Stephan FinkenSieper

CALIOP COT>0.0

All Day  Night Sea Land
PODclr 7096 7054 7143 7071 71.46
FARclr 24.05 20.85 27.25 23.62 24.69
PODcld 86.97 8812 8593 87.68 8554
FARcld 16.22 1762 1488 15.84 17.08
Hitrate  81.09 81.26 80.93 81.56 80.16
KSS 5793 58.65 57.36 58.93 57.00
MBE 2.41 424 -0.042 2.67 1.95
bcRMSE 43.41 43.08 44.62 42.85 44.49

It complies with the target requirement of 5%

100 100 100
90 90 90
80 180 80
70 70 70
60 60 60
50 50 50
40 40 %8
30 {30
20 20 20
10 10 10
0 0 0
Konferencja Poland-AOD, Warszawa, 3.07.2017 (Bojanowski et al., 2017) 21

Jedrzej S. Bojanowski

4
CMSAF © &



Mean bias error
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= Meteosat-based cloud amount climate data record has
been produced (1991-2015)

= MBE and RMSE fulfil optimal requirements as compared to
SYNOP

= |t reveals the highest temporal stability among existing cloud
CDR’s

» |t will be extended back to 1983 upon availability of the
Meteosat 2 and 3 calibration

* |t will be available (with full documentation) as daily and
monthly means at www.cmsaf.eu
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Mean bias error
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Bias-corrected RMSE
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Comparison with MOD
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Comparison with PATMOS-x (L2->L3)
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Mean bias error

Bias-corected RMSE
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Comparison with CLAAS-A2
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Mean bias error

005 0

Bias-coected RMSE
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Comparison with CC4CL-AVHRR
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